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| NTRODUCTI ON

The nort hern bog | emm ng (Synapt onys borealis) is a snall,

grayi sh brown, vole-like mcrotine, related tothe true arctic

| emm ngs (Lemmus). N ne poorly differentiated subspecies are
currently recogni zed. The northern bog | enm ng has a total |ength of
118-140 mmincluding its very short tail (19-27 nm (Banfield 1974,
Hal | 1981). The conbination of atail |ess than 28 nmand a

| ongi tudi nal grove i n the upper incisors distinguishthe northern bog
lenming fromall other mice found in Montana. It is boreal in
distribution, occurring in North Anerica fromnear treelineinthe
north south to Washi ngton, Montana, M nnesota, and New Engl and. It
typi cal ly i nhabits sphagnumbogs, but is al so occasionally found in
nossy forests, wet sub-al pi ne neadows, and al pi ne tundra. One

subspecies (S.b. artem siae) |lives on sagebrush hillsides in eastern

British Col unbi a (Anderson 1932). Sout hern bog | enm ngs (S. copperi)
al so inhabit a wide variety of habitats, all of which are margi nal
for Mcrotus; bog | emm ngs may be conpetitively excluded frombetter
quality habitats by Mcrotus (Doutt et al. 1973, Linzey 1981). The
northern bog lemming is rarely trapped and i s one of the | east known
mce in North Amneri ca.

Afewrelict popul ations occur inthe | ower 48 states; the
subspeci es chapmani occurs i n Montana, |daho, and nort heast
Washi ngton (Hall 1981). Bog | enmi ngs are known from4 | ocations in
| daho and 8 i n Washi ngton, all fromw thin 80 kmof the Canadi an
border (Johnson and Cheney 1953, Wl son et al. 1980, Reichel 1984,



G oves and Yensen 1989, D. Johnson pers. comm). Prior to 1992,

evi dence of bog | emm ngs in Montana i ncl uded: 1) 2-3 | ocations on the
west side of d acier National Park (Wight 1950, Weckwerth and Hawl ey
1962, Hoffmann et al. 1969); 2) Shoofly Meadows in the Rattl esnake
drai nage north of M ssoul a (Adel man 1979), and 3) a si ngl e skull

recovered froma Boreal OM (Aegolius funereus) pellet west of Wsdom

(J. Jones pers. comm); where the oW captured the | emm ng was
unknown. The reasons for the di sjunct nature of the popul ati ons may
include: 1) the localized nature of its primary habitat; and 2) the
currently patchy distribution of a boreal species that was nore

wi dely distributed during the Pleistocene (aglacial relict).

The U. S. Forest Service, Region 1, |ists the northern bog | enmi ng
as Sensitive. The species is |listed as a Species of Special Concern
by the Montana (Genter 1992) and | daho Natural Heritage Prograns
(Mosel ey and Goves 1990). Sl is defined as: “critically inperiled
because of extreme rarity (5 or fewer occurrences, or very few
remai ni ng i ndi vi dual s), or because of sone factor of its bi ol ogy
maki ng it especially vulnerable to extinction.” This has been
changed to S2 foll owi ng the 1992 survey. S2 is defined as “inperiled
because of rarity (6 to 20 occurrences), or because of other factors
denonstrably nmaking it very vul nerabl e to extinction throughout its
range.”

W began a study of northern bog | enmi ngs in Montana i n 1992.
oj ectives the first year of the study i ncl uded:

1) surveying at | east 15 sites with potential habitat for bog



| emm ngs i n nort hwest Montana, concentrati ng on t he Koot enai
Nat i onal Forest;
2) determning efficient and ef fective survey techni ques; and,

3) descri bi ng habi tat where bog | enm ngs wer e found.

METHODS AND MATERI ALS

We surveyed riparian habitats for bog | emm ngs. Mst sites
sanpl ed wer e suggest ed by bot ani sts, plant ecol ogi sts, biol ogists and
others fromthe U S. Forest Service and Montana Natural Heritage
Program (MINHP). Ohers were identified whileinthe field or by
exam ni ng maps of the general areas we were to visit.

From17 June - 21 August 1992 we used Museum Speci al snap-traps,
Sherman live-traps, and/or pitfalls (#10 tin cans) to sanple 21 sites
inwestern Montana (Table 1). Traps were baited with a conbi nati on
of peanut butter and rolled oats, either alone or with one of 5 ot her
baits: 1) apples and carrots; 2) Hawbaker’s muskrat |lure; 3)
Hawbaker’s food lure; 4) E. J. Dailey’ s nmuskrat lure; or 5) E. J.

Dail ey’ s nuskrat lure #2. Rel ative success of baits used was

exam ned using the Gtest (Sokal and Rohlf 1969). Two traps with
different baits were placed within 2 mof each other at each stati on.
W pl aced each trap at a | ocation to maxi m ze success (runway,
burrow, etc.). Stations were placed 5-20 mapart.

At sites where northern bog | enmi ngs were not caught, trapping
effort ranged from240 to 556 trap ni ghts over 2-4 nights. Atrap

ni ght i s equivalent to one trap set for one 24-hour period (traps



sprung and enpty, or conpletely m ssing, are not counted). During
the period 4-7 July 1992 we ran a snap trap | i ne i n a neadow and

adj acent forested area | ocated al ong Sunday Greek. Portions of this
trap | i ne were pi cked up when a bog | enm ng was captured. At
subsequent sites, all traps were renoved when the first bog | emm ng
was capt ured.

Following the initial capture of northern bog | enm ngs at Sunday
Creek, we set upa9x9 live trap grid with 15 mspacing. Two Shernan
live traps were set at each station and baited with peanut butter and
oat mreal ; one of the traps at each station had E. J. Dail ey’ s nuskr at
| ure added to the peanut butter and oatnmeal. Wthinthe live trap
grid, ab5x5 pitfall gridwas established with approxi mately 15 m
spacing (Figure 1). Al traps (including pitfalls) contained cotton
or pol yester batting for nesting material. Traps were checked twi ce
daily. Al mce caught were toe clipped with individual
conbi nati ons, wei ghed, neasured, exam ned for reproductive st at us,
and rel eased. The first trial of thislive-trap grid was run from
21-24 July 1992 (pitfalls were run from22-24 July). The grid was
run agai n on 17-21 August 92. During the second period, traps were
baited with peanut butter and oatneal ; one trap at each stati on had
E.J. Dail ey s nuskrat |ure added to t he peanut butter and oat neal,
the other trap had E.J. Dailey’s nuskrat | ure #2 added (peanut butter

: oatnmeal : lure =30:20:1).



Table 1. Sites trapped during 1992 northern bog lemming surveys.

Trap nights

Site : Elev. Date snap live pit
KOOTENAI NATIONAL FORES
Fortine District
#*Sunday Creek, Lincoln Co. T32N R26W S13 4800 4-7 July 361
" 21-24 July 477 50
" 17-21 Aug 638 100
#Twin Meadows Creek, Lincoln Co. T32N R26W S20 3900 3-7 July 428
#Dudley Slough, Lincoln Co. T34N R26W S14 3400 30 Jun-4 Jul 387
#Ant Flats, Lincoln Co. T34N R25W S7 3020 30 Jun-4 Jul 288
#Jumbo Lake, Lincoln Co. T34N R25W S835&36 3300 30 Jun-4 Jul 324
#Big Therriault Lake, Lincoln Co. T37N R25W S32 5600 7-10 July 240
#Divide Creek, Lincoln Co. T37N R24W S19 5600 7-10 July 252
Three Rivers District
*Hawkins Pond, Lincoln Co. T37N R33W 518 6200 26 July 5
#Pete Creek Meadow, Lincoln Co. T37N R33W S13&24 4300 24-27 July 423
Libby District
Loon Lake, Lincoln Co. T33N R32W S24&25 3600 21-25 June 250 200
Rainbow Lake, Lincoln Co. T33N R31W S6&7 4200 21-25 June 150 240
#Tom Poole Lake, Lincoln Co. T33N R31W S28 3400 21-25 June 150 200
Tepee Lake, Lincoln Co. T28N R30W S25 4200 17-21 June 553 3
Cabinet District
Rock Creek Meadow, Sanders Co. T26N R31W S6 3800 3-5 Aug 290
FLATHEAD NATIONAL FOREST
Tally Lake District
*Bowen Creek, Lincoln Co. T31N R26W S1 4760 18-19 Aug 114
Hellroaring Basin, Flathead Co. T32N R22W S35 4600 21-23 July 272
BEAVERHEAD NATIONAL FOREST
Wisdom District
Schultz Crk trib., Beaverhead Co. T1N R17W S31 8100 13-17 July 306
Schultz Saddle, Beaverhead Co. T1S R18W S2 7840 13-17 July 404
Tie Creek meadows, Beaverhead Co. T1S R18W S2 7360 15-18 July 279
*Maybee Meadows, Beaverhead Co. T1S R17W S26 6520 13-15 July 140
BITTERROOT NATIONAL FOREST
Sula District
*Meadow Creek, Ravalli cCo. T1N R18W S10 5920 17-18 July 97
Grand Total 5160 2308 153

#*= Synaptomys found at this site

#= Plant community survey done at this site



Figure 1. D agramof live trapping and pitfall grid.
L =Sherman live trap; P=pitfall trap.
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PamHar ri ngt on of the MINHP conduct ed bot ani cal surveys at 8
trapping sites during 7-12 July 1992 (Appendi x B). ECCDATA
nmet hodol ogy was used for botani cal surveys (DeVelice 1991).
Addi tional | y, Bonni e Hei del , MINHP bot ani st, conducted a bri ef

veget ati ve survey of the Maybee Meadows site on 24 Cct ober 1992.

RESULTS

Nort hern Bog Lenmm ng Survey. Northern bog | enm ngs were captured at

5 (Figure 2) of the 21 sites trapped (Tables 1,2,3). Elevation of
t he sites where bog | emm ngs were captured ranged from4760- 6520 f eet
(1535-2100 ).

Nort hern bog | emm ngs were caught either in, or very close to,
thi ck mats of sphagnumnoss (Sphagnumspp.). Sphagnumnoss seened to
be the nost reliable indicator of a potential site. Sone sites where
bog | emm ngs were caught had an open overstory of subal pine fir

(Abi es | asi ocarpa) and/or spruce (Picea); others were without atree

conmponent. Bog birch (Betul a gl andul osa) and\or a dwarf w || ow

(Salix sp.) were present at all sites. At Maybee Meadows t he noss
hummock habi t at was dom nat ed by Sphagnumi n t he ground cover | ayer;

Carex utriculariainthe herbaceous |ayer; and Salix planifoliain

t he short shrub layer. Bog | emm ngs at the Sunday Creek site were

caught in two community types: 1) a Salix drunmondi ana community with

only 10%S. d. canopy cover; and 2) a Abi es | asi ocarpa communi ty,

Cal amagr osti s canadensi s phase, wi th canopy cover of 40%A. 1.

(overstory) and 60%Bet ul a gl andul osa (shrub | ayer). Mss ground

cover was 50-60%and 30-50 cmt hi ck (Appendi x B).



Pl ant community surveys were conpl eted on 8 trappi ng sites (Table
1, Appendi x B). The Sunday Creek site was the only site with bog
| emm ngs whi ch had a pl ant communi ty survey conpl et ed; other | emm ng
sites were located too late in the year for plant conmmunity surveys
to be schedul ed. The remaini ng four sites where bog | emm ngs were
captured wi | I have plant community surveys conpleted i n 1993.

Snap trap effort required to docunent bog | enm ng presence at
sites containing the species ranged froma maxi numof 140 trap ni ghts
(during 2 nights of trapping) dowm to 5 “trap nights” (120 traps from
noonto 1l p.m). Incontrast, areas where no bog | emm ngs were found
recei ved 240-556 trap nights of effort. At sites where northern bog
| emm ngs were captured, we averaged 1.67 | emm ngs per 100 trap
nights. Amxture of Dailey’s nuskrat |ure m xed with peanut butter
and oat neal appeared nore effective at capturing northern bog
| emm ngs than other baits used (Table 4), but differences were not
significant (G= 3.44, 3 df).

During bog | emm ng surveys, at | east 13 ot her species of snall

manmal s were captured (Tables 2,3). Al Sorex pal ustris were

identifiedinthe field; afewof the smaller Sorex species were al so

identified and all were Sorex ci nereus. The conplete inventory of

shrew captures (by species) wll have towait for the specinens to be

prepared and t he skul | s keyed out.



Figure 2. CQccurrences of Northern bog | enm ngs i n Mont ana.
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Tabl e 2. Results of snap trappi ng during 1992 northern bog | enm ng surveys.

Site Trap Total nunber of each speci es caught
N ghts SCPA SCSP MLO MPE MR PHN SYBO O.GA ZAPR PENVA TASP THTA

Bowen O eek 114 0 0 0 2 0 0 1 1 0 0 0 0
Sunday O eek 361 0 10 0 1 0 2 5 1 0 0 0 0
Rock Ck Meadow 290 1 0 0 1 0 0 0 0 3 0 0 0
Hawki ns Pond 5 0 0 0 0 0 0 1 0 0 0 2 0
Schultz Ck Trib. 306 0 2 0 10 0 3 0 7 0 0 0 1
Schul t z Saddl e 404 0 7 0 9 5 6 0 2 0 0 2 0
Ti e Ck meadows 279 0 0 0 21 3 7 0 1 0 0 0 0
Meadow Ck 97 0 2 0 1 0 1 1 0 0 0 0 0
Maybee Meadows 140 0 1 0 8 0 4 4 0 0 0 0 0
Hel | roari ng Bas. 272 0 4 4 13 2 3 0 1 5 6 0 0
Pet e Ck Meadow 423 0 3 0 6 0 1 0 1 1 0 11 0
Loon Lake 250 0 3 1 14 0 0 0 0 4 3 1 0
Rai nbow Lake 150 0 0 1 0 0 1 0 1 0 0 0 0
Tom Pool e Lake 150 0 3 0 27 0 0 0 0 0 0 1 0
Twi n Meadows Ck 428 0 16 1 24 0 14 0 7 2 0 0 0
Dudl ey Sl ough 387 0 2 0 12 0 12 0 0 0 0 0 0
Ant Fl ats 288 0 0 0 2 0 0 0 1 0 0 0 0
Junbo Lake 324 4 3 0 11 0 0 0 5 2 2 0 0
Big Therriault 240 0 7 1 0 0 5 0 3 7 3 1 0
D vi de O eek 252 0 8 0 2 0 3 0 31 4 4 0 0
Grand Tot al 5160 5 71 8 164 10 62 12 62 28 18 18 1

SOPA=Sor ex pal ustris; SOSP=Sor ex spp.; SYBO=Synaptonys borealis; MLGO=M crotus

| ongi caudus; M PE=M cr ot us pennsyl vani cus; M R =M crot us ri chardsoni ; PH N=Phenaconys
i nt er medi us; CLGA=d et hri ononys gapperi; ZAPR=Zapus pri nceps; PEMA=Per onyscus

mani cul at us; TASP=Tam as spp.; THTA=Thononys t al poi des.



Tabl e 3. Results of Iive trapping during 1992 northern bog | enm ng surveys (includes pitfalls and
Sherman |ive-traps).

Ste Trap N ghts Tot al Nunber of each speci es caught (i ncl udi ng recapt ures)

Pit. Sher. SG6P MLO MPE PHN SYBO CLGA ZAPR PENA NECQ MJFR AWA RAPR BUBO

Sunday Cr eek

21-24 July 92 50 477 7 0 0O 0 1(1)) 3 0 O O 0O 3 0 0
17-21 Aug 92 100 638 18 O 4 0 O} 5 o0 7 0O 1 7 3 10
Loon Lake 200 1 0 4 0 0 o 3 O0 O0 1 0 0 o
Tepee Lake 3 553 11 5 23 0 O 26 1 4 1 0 0 0 0
Rai nbow Lake 240 5 0 0 0 O o 4 4 0 0O 0 0 O
Tom Pool e Lake 2000 4 0 5 0 0 o o O O O 0 0 O
G and Tot al 153 2308 46 5 36 0 1(2) 34 8 15 1 2 10 3 10

() = nunber of Synaptonys caught inawpitfall.

SOSP=Sor ex spp.; M LO=M crotus | ongi caudus; M PE=M cr ot us pennsl yvani cus; PH N=Phenaconys
i ntermedi us; SYBO=Synapt onys borealis; CLGA=A et hri ononys gapperi; ZAPR=Zapus pri nceps;
PEMA=Per onyscus nani cul at us; NECI =Neot onma ci nerea; MJFR=Must el a frenat a, AMVA=Anbyst ona
macr odact yl um RAPR=Rana preti osa; BUBO=Buf o bor eas.



Tabl e 4. Success of various baits used in snap traps at sites where
nort hern bog | emm ngs were found i n 1992.

*PB & O Dailey’'s D.'s #2 Haw. Musk.
Site T-N Sybo T-N Sybo T-N Sybo T-N Sybo
Bowen O eek 56 1 58
Sunday Cr eek 180 2 181 3
Hawki ns Pond 2 2 1
Meadow O eek 49 48 1
Maybee Meadows 72 2 68 2
G and Tot al 303 4 174 5 58 0 181 3
#Sybo/ 100 trap ni ghts 1.32 2.9 0. 00 1.7

* PB&O = peanut butter and oatneal ; Dail ey s = Dail ey’ s nuskrat

| ure, peanut butter and oatneal; D.’s #2 = Dailey’s nuskrat lure
#2, peanut butter and oat neal ; Haw. Musk. = Hawbaker’s nuskr at

| ure, peanut butter and oatneal ; T-N = nunber of trap nights;
Sybo = nunber of Synaptonys borealis captured.




Addi tional |y, sone vol es speci nens, particularly subadults, will need
verification of speci es when the skulls are cl eaned.

At the five sites where bog | emm ngs were captured, 0-3 ot her
speci es of vol es were al so captured (Table 2). These included the

nmeadow vol e (M crot us pennsyl vani cus), heat her vol e (Phenaconys

i nt ermedi us) and red-backed vol e (d et hri ononys gapperi). Red-backed

vol es were captured at higher/dryer mcro-sites than bog | emm ngs, in
all cases either inaforest habitat or within 10 mof a forest edge.
Red- backed vol es were not captured in thi ck sphagnumnmats. Heat her
vol es were captured in a variety of upland and ri parian habitats.
Meadow vol es wer e caught al nost exclusively in wet, open habitats. At
t he two southern sites, both heat her and neadow vol es wer e caught

wi th the northern bog | emm ngs i n a nosai ¢ of sedge neadow and
sphagnumnoss nats. At Bowen Meadows one nmeadow vol e was caught in
sphagnum whi | e no meadow vol es were caught snap trappi ng at either
Sunday Creek or Hawki ns Pond wi t hi n t he sphagnumareas. W found
that snap trap capture rates of all vol es in conbi nation (including
bog | enm ngs) were 40%hi gher at sites where no bog | enm ngs were
captured than at those where they occurred (6.4 vs 4.6 per 100 trap
nights). Wile we did not record nunbers of trap-nights per habitat,
we observed trappi ng success i n sphagnumhabitat to be nmuch | ower

t han i n non- sphagnumhabi t at s.

Sunday Creek Live Trapping. During the July 21-24 |ive trapping at

Sunday Creek, one bog | enm ng was captured in a pitfall at night and

13



one in a Sherman live-trap during the day. Both died in the traps.
Wi | e opening pitfalls and setting traps i n August, we found sever al
pitfall covers had been knocked of f since the July trappi ng peri od.
One bog lenming had died inapitfall as aresult of this. During
t he week, one bog | emm ng was captured in a pitfall, marked and

rel eased. Northern bog | emm ng capture rates for these two peri ods
were: 0.09 per 100 trap nights in Sherman |ive traps; and 1. 33 per
100 trap nights inpitfalls.

Inan effort toincrease live trap success rates, the beddi ng
material fromthe bog | emm ng captured inthe pitfall in August was
di vi ded and added to 8 Sherman traps (ol factory enticenent) i n nearby
mcro-sites with thick sphagnummats. No additional bog | emm ngs

were captured as a result.

Speci nens Col l ected. Atotal of 15 northern bog | enm ngs speci nens

wi Il be placed in one or nore regional university nuseuns (Tabl e 5).
Al'l but one will be prepared as skins and skul | s/ skel et ons; one

| enmi ng captured in a pitfall was not satisfactory for a skin and
will be a skeleton only. Stomachs were coll ected from14 speci nens
and wi || be anal yzed in the next year. Only one fenal e was

coll ected. W noted that droppings fromsome speci mens were bri ght

green, however, at | east 2 individuals had brown droppi ngs.

14



Tabl e 5. Northern bog | emm ng speci nens from1992.

Site Dat e # Sex Type
Sunday O eek,
T32N R26WS13 5- Jul SGB 4 M Si, Se, St
“ : SGB 5 M “
“ 6- Jul SGB 6 M “
“ 7-Jul SGB 7 M “
“ “ SGB 8 M “
“ 22-Jul JDR 3164 M Si, Se, (St, Ki)
“ 17- Aug to do ? Se
Maybee Meadows 15- Jul S&B 9 M Si, Se, St
T1S RI7WS26 15- Jul SG&B 10 M “
“ 15- Jul SGB 11 M “
“ 15- Jul S&B 12 F “
Meadow Cr eek
T1IN R18WS10 18- Jul SGB 13 M Si, Se, St
Hawki ns Pond 26- Jul JDR 3165 M Si, Se (St, Ki)
T37N R33WS18 “ JDR 3166 M “
Bowen O eek 19- Aug to do M (Si, Se, St, Ki)
T31N R26W S1
Si = Skin
Su = Skul |
Se = Skel eton
St = St omach
Ki = Ki dney



DI SCUSSI ON

Distribution. The Maybee Meadows site i s the southern-nost site

known for the speci es outside of New Engl and; two sites i n New
Hanpshi re are about 160 kmfarther south (O ough and Al bri ght 1987).
The Maybee Meadows site is al so the only known northern bog | enm ng
site east of the Continental D vide in Montana. Bog | enm ngs are now
known fromacross the northwest corner of the state and south t hrough
t he nmountai ns to near Lost Trail Pass on the Continental Divide. W
expect additional popul ati ons to be found across west ern Mont ana,

per haps as far south as Yel | owst one Nati onal Park, east to t he Rocky
Mount ai n Front, and possi bly even i n sonme east ern nountai n ranges
such as the Belt or Snowy ranges. El evations fromwhich bog | enm ngs
are now known i n Mont ana, range from3800 feet (Canmas C eek, Wi ght
1949) up to 6520 feet (Maybee Meadows) .

Popul ati ons of northern bog | enmings in the northwest U S. have
apparently been i sol ated since the | ast i ce age ended over 10, 000
years ago. It seens |ikely | enm ng popul ati ons were nore w de- spread
at that time, then were reduced i n si ze and nunber during the
Hypsi t her mal 6000- 3000 years ago, when the clinmate was warnmer than at

t he present tine.

Habitat. Bog | emm ngs at Sunday Creek were caught in two community

types: 1) a Sali x drunmondi ana conmunity and 2) a Abi es | asi ocar pa

conmuni ty, Cal anagrosti s canadensi s phase. Mss ground cover was 50-

60%and 30-50 cmt hi ck (Appendi x B). However, peatl and comunities

16



are a very smal | proportion of the | andscape in the regi on and have
not been adequately classified (Bursik and Mosel ey 1992). It is
doubt ful that bog | emming distributionw || be mrrored by pl ant
comuni ty distributions using current definitions.

At our first three newbog |l emm ng sites, all bog | enm ngs were
caught i n sphagnumnoss mats, despite nore traps being placed in
ot her adj acent habitats. This hel ped us devel op a “search i nage” for
addi tional potential bog | enm ng popul ations, and directly
contributed to our choi ces of Bowen Creek and Hawki ns Pond as

trappi ng sites. Previous habitat descriptions of S.b. chaprmani

trappi ng sites i n the northern Rocky Mount ai ns have soneti nes
i ncl uded nenti on of sphagnumnoss (Layser and Burke 1973, G oves and
Yensen 1989) whil e ot hers have not (Wi ght 1950, Weckwerth and Haw ey
1962, Wlson et al. 1980). JDR spent several hours al ong Canas Creek
inthevicinity of the first | emm ng popul ati on known fromthe state
(Wight 1950) and found only scattered cl unps of noss. Wckwerth and
Hawl ey (1962) di d not describe the specific sites where they captured
bog | enm ngs. JDR captured a single juvenile male | enm ng on a dry
al pi ne/ subal pi ne ridge i n nort heast Washi ngton (WIson et al. 1980).
W bel i eve that areas with extensive sphagnumnats are the nost
likely sites in whichto find newbog | enm ng popul ati ons i n Mont ana.

O her habitats may support | ower densities of bog | enm ngs; may be

17



used primarily by dispersing individuals; nmay be used during specific
seasonal, climatic, or conpetitive situations; or may be popul ati on
sinks. The only certainty is that there is nmuch to be | earned about

habi t at use by northern bog | emm ngs.

Research Met hods. How do we get the information on distribution,

habi t at use, and novenent we need t o manage t hi s speci es?
Distributional information, and to a | esser extent habitat use, has
of t en been gat hered usi ng snap-traps. Detail ed habitat use and
novenent data i s nost commonl y obt ai ned usi ng mar k-recapt ure
techniques with live traps. However, for northern bog | enm ngs, |live
traps are of very Iimted useful ness. This is because Sherman |ive-
trap use: 1) is | abor intensive throughout the trappi ng period; 2)
has very | ow success with any bait tried; and 3) results in at | east
sone nortality (the single aninmal caught died inthe trap).
Pitfalls, aslivetraps: 1) are | abor intensive especially during

pl acenent; 2) cannot be used in the saturated soil situations
conmonl y encountered i n bog | emm ng habitat; and 3) result in at

| east sonme nortality during and between trappi ng periods. G ven

t hese drawbacks, it seens doubtful that |ive-trappi ng nethods, by

t hensel ves, will yield much i nformati on on habitat use, popul ation
par anet ers, or home range sizes. Incidental nortalities nay be a
significant factor over a study | ong-termenough to yi el d good
information. Additionally, live-trappingtoinitially find

popul ations will take at | east 10 times the effort and cost when

18



conpared to snap-trapping and will still cause sone nortality. G ven
the very | ow Sherman | i ve-trappi ng success, negative results for even
1000 trap-ni ghts per site woul d not gi ve nuch confi dence t hat

| emm ngs are not present.

Dr oppi ng boards may provi de one option, but we think
differentiating northern bog | emm ng droppi ng fromot her vol es wi | |
be difficult. Jones and Birney (1988) report that northern bog
| emm ng droppi ngs are bright green whil e other vol e droppi ngs are
brown or bl ack. However, we found that at | east sone bog | emm ngs
had brown droppings. If color aloneis usedto differentiate the
droppings, it may | ead to serious bi ases.

Snap-trappi ng for bog | enm ngs was nmuch nore successful than
live-trapping and only 1 fenmal e was captured using this nethod (at
all locations in Montana in 1992). It appears to be the nethod of
choice for initial survey work to find new popul ati ons, both froman
econom ¢ and ti me-constraint view. Concerns have been expressed t hat
snap-trapping i s not a suitable technique to use on a “sensitive
species.” This argunment nay have sone validity froma public
perception point of view, but has little or no biol ogi cal basis.

Vol es, including northern bog | emm ngs, showr-selected traits, eg.
rapi d devel opnent, early reproduction, high reproductive rates, short
life span. These are related to the sel ection pressures of the high
natural nortality suffered by vol es, which are food for a |l arge
nunber of predatory vertebrates. For exanple, bog | enm ngs nade up

1-2%of marten (Martes anericana) diets in d acier National Park,
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whil e conprising only 0.2%of small mamal s trapped (Weckwert h and
Hawl ey 1962). The current bog | emm ng popul ati ons i n Mont ana have
survi ved t housands of years of isolation, predation by dozens of
speci es, climtic changes, and catastrophi c events such as fires.
The chances that taking 1-5 i ndividuals froma site woul d
significantly affect the popul ati on approaches zero. W believe that
the smal |l possibility of a negative effect is far outwei ghed by the
know edge of the exi stence of the popul ation. The chances of ngj or
negati ve effects to a undi scovered | enm ng popul ati on taki ng pl ace
due to | and managenent deci sions, is far higher. The Sunday Creek
popul ati on provi des an exanpl e of how | and nmanagenent deci si ons nmay

af f ect bog | emm ng popul ati ons.

Land Managenent | npacts. The Sunday Creek area seens typi cal of

nort hern bog | enm ng popul ati ons, wi th patches of suitabl e habitat
strung out al ong a drai nage. 1In the past, when one subpopul ati on was
| ost, the habitat patch coul d be recol oni zed fromadj oi ni ng

subpopul ati ons. Beaver alternately created and destroyed habit at

pat ches al ong t he drai nage vi a fl oodi ng wi th dans, but di spersal from
adj acent areas on t he drai nage provi ded i nhabitants for the new

habi tat patches. Fires swept through the area, drying out areas to
sone extent. However, this drying out was probably reduced sonmewhat
by the tinmber in the streambottombei ng nore resistant to fire than
t hat on the sl opes above. This dynam c process has | ast ed t housands
of years. However, the Sunday Creek popul ati on of | enm ngs may now

be i n danger of extirpation.
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Habi t at pat ches we vi ewed as “good” appeared to span the | ength
of Sunday Creek fromour original | emm ng capture | ocation ( T32N,
R26W center of Section 13) downstreamto Harvey Creek (T33N, R25W
Section 25) with gaps of |l ess than 1.5 kmbet ween pat ches. However,
fromthe Sunday Creek crossing at FS 315 (T32N, R26W Section 6, NE
1/4) downstream the habitat has been substantially reduced and
degraded. In Paul Creek, atributary of Sunday Creek, this has al so
occurred. It appears that substantial anounts of good bog | emm ng
habi tat occurred in Paul Creek drainage at | east for 3 kmup fromthe
confluence with Sunday Creek. These bog areas have dri ed out and
much of the habitat nowappears margi nal. Two nmanagenent actions
appear to have caused the habitat reducti on and degradati on al ong
Paul Creek and | ower Sunday Creek, grazing and ti nber harvest.

Grazing is very heavy over much of the riparian habitat fromthe
Sunday Creek crossing of FS-315 downstream Were | arge acreages
apparently had suitabl e habitat in the past, nmuch of the area has
been converted to i ntroduced pl ants, often eaten down to 1" tall or
| ess. This process can be seen at the fewrenai ni ng sphagnum
pat ches. Since sphagnumnoss and many of the associ at ed sedges
appear unpal atable to cattle, the habitat is first danaged by
tranpling as cattle cross the habitat. These tranpl ed areas al |l ow
i nvasi on by exotic plant species. Many of these i nvaders are eaten
by cattle, resulting in nore tranpling and accel erati on of the

process. Both soil and hydrol ogy may be changed in a very |l ong-term

21



fashi on, and habitat recovery may be very slowin the short-term
(decades) even with total exclusion of cattle and intensive
rehabi litation.

Ti nber harvest has been extensive in the drainage in this area.
Cl earcuts extend fromhi gh up on the vall ey sl ope, down onto t he
flood plain; insone areas notrees remaininthe riparian area.
Remmant wet| and plants are nowfound in very dry areas. Apparently
t he heavy renoval has changed the tim ng of the runoff, with a flush
of water inspringandlittleretentioninto sunmer. Areas that had
access to water or saturated soils nearly all year are nowdry by
early to md-sumrer. Additionally, floodplain areas which had tree
cover and thus shading to maintain cool, danp microsites, have been
opened up and now dry out qui ckly.

Ti nber harvest al one may not elim nate | arge areas of habitat.
However, the cumul ative effects of several newfactors conbined with
t he changi ng noi sture regime, nay eli mnate | arge potential habitat
areas over the long-term G azing and soil conpaction by cattle,
coupled with invading plants, is inthe process of conpletely
el i m nating patches of habitat fromsecti on 34 downstreamon Sunday
Creek (nost of whichis privately owned | and). This woul d conpl etely
isolate habitat in Paul Creek. If bog |emm ngs were extirpated in
Paul Creek it is unlikely they could re-populate it fromupper-Sunday
O eek.

M ni mumpat ch si zes and possi bl e di spersal di stances are not

known for bog | emm ngs. However, we estinmate the current suitable

22



habitat to be | ess t han 50%of what was typi cal of the drai nage prior
to the past 50 years. Wth the reduced habitat, comes i ncreased

di spersal di stances between patches. Additionally, the | arge areas
with very short vegetation due to overgrazing probably are severe
barriers to di spersal.

The habitat at the Meadow Creek | enming site i s al so being
affected by cattle grazing. Suitable bog |emm ng habitat containing
sphagnumnoss was estimated to cover about 10 acres, with only
sparse, very nmargi nal habitat present downstreamfor about 3 kmand
none upstream Tranpling and grazi ng around t he edge of the site has
severely degraded at | east 1 acre of prinme habitat. Mich of the soi
t hat once was covered wi t h sphagnum i s now exposed and dryi ng out.

Sim |l ar but | esser inpacts were al so observed at Maybee Meadows.

MANAGEMENT RECOMVENDATI ONS AND RESEARCH NEEDS

Based on | i mted observations at the sites where bog | enm ngs were
found we woul d nake several interi mmanagenent reconmendati ons. W
feel these are the m ni numnecessary to nmai ntai n vi abl e bog | emm ng
popul ations. Additional research is needed and may suggest ot her
managenent acti ons which will be necessary for nmaintaining viabl e bog

| emm ng popul ati ons.

1) Assune northern bog | enm ngs are present on all National Forests

i n Montana (except Custer N F.) during | and managenent pl anni ng

processes.
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2) Do not harvest tinber within 100 mof sphagnummats or associ at ed
streans and wet | ands.

3) Mnimze donestic |ivestock grazing in drai nages wi th sphagnum
mats present. Range conditions inriparian areas wth sphagnum
mat s shoul d be nmai ntai ned i n good to excel |l ent categories. |If
current range conditionis fair or poor, stocking rates should

be reduced to a poi nt where rapid recovery occurs.

Very littleinformation is avail abl e on the northern bog | emm ng.
Even the distributioninthe U S. is poorly understood; nost
popul ati ons have been found wit hin the past 15 years. Habitat use by
nort hern bog | emm ngs has never been determ ned i n any systematic
way. Descriptions of habitat inthe U S. consist of anecdot al
accounts of where each speci men has been captured; only about 30

i ndi vi dual s had been col |l ected in the Pacific Northwest prior tothis
study. Food habits and reproductive information also arelimtedto
a very fewanecdotal accounts. No informationis avail able on such
subj ect s as novenents, popul ation densities, |ongevity, or hone
range. Mich additional researchis required to nake intelligent | and
managenent deci si ons where northern bog | enm ngs are present. W

recommend the foll ow ng as the highest priority needs:

1) Devel op an annot at ed bi bl i ogr aphy of northern bog | emm ng

literature. The literature should be summari zed i ncl udi ng
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2)

3)

4)

5)

6)

i nformati on on habitat, reproduction, and success of trapping
nmet hods. Distribute this information to significant |Iand
managenent agenci es in the Pacific Northwest.

Conduct additional surveys to better understand distributionin
Mont ana. Anal yze all stonachs of bog | emm ngs collected to
provi de food habits information.

Conduct plant conmunity surveys at all known bog | enm ng
| ocations. This shouldincludeidentification of dom nant
nosses present.

Gat her information on the requirenents of the nosses found to be

dom nant on the bog | enm ng sites.

Carry out research on northern bog | enm ng habitat use. G ven the

extrene difficulty in capturing northern bog | enm ng we f eel
radio-telenmetry is the only viabl e neans to obtain satisfactory
answers as to how bog | enm ngs use habitat within their hone
ranges.

Carry out research on northern bog | emm ng novenents to gat her

i nformati on on hone ranges and possi bly di spersal. This

informati on needs to be integrated wi th simultaneously collected

habi tat use data. Again, we feel radio-telenetry is the only

vi abl e net hodol ogy avai | abl e.
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Data Sheet - Small Mammal Snap Trapping of

Date Time Biologist

Gen. Location
T N R W Section

Weather
(Temp., wind dir & speed, cloud cover, precip last 24 hrs)

Bait # Traps # Snapped
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Data Sheet - Small Mammal Live Trapping of

Date Time Biologist

Gen. Location
T N R W Section

Weather
(Temp., wind dir & speed, cloud cover, precip last 24 hrs)

Species © Alive/Dead?
Grid/Trap # Trap type Bait
Sex Repro.

(scrotal, perforate, lactating, etc)

wt. Tot. Len. Tail len. Ear L.
Hind Ft. Len. ) Marked today?
MARKING: Front Rear
(ie. RF3) (ie. LH2)
Species Alive/Dead?
Grid/Trap # Trap type Bait
Sex Repro.
Wt. Tot. Len. Tail len. Ear L.
Hind Ft. Len. Marked today?
MARKING Front | | Rear
Species Alive/Dead?
Grid/Trap # Trap type Bait
Sex Repro.
wt. Tot. Len. Tail len. Ear L.
Hind Ft. Len. Marked today?
MARKING: Front Rear
NOTES:
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Species Alive/Dead?

Grid/Trap # Trap type Bait

Sex Repro.

(scrotal, perforate, lactating, etc)

wWt. Tot. Len. Tail len. Ear L.
Hind Ft. Len. Marked today?
MARKING: Front Rear
(ie. RF3) (ie. LH2)
species_ Alive/Deadz_________________
Grid/Trap # Trap type Bait
Sex Repro.
wt. Tot. Len. Tail len. Ear L.
Hind Ft. Len. Marked today?
MARKING: Front Rear
species_ Alive/Dead?
Grid/Trap # Trap type Bait
Sex Repro.
Wt. Tot. Len. Tail len. Ear L.
Hind Ft. Len. Marked today?
MARKING: Front ' Rear
species T Alive/Deadz
Grid/Trap # Trap type Bait
Sex Repro.
wt. Tot. Len. Tail len. Ear L.
Hind Ft. Len. Marked today?
MARKING: Front Rear
wores: T
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LOCATION
DATES

Instructions for filling in Small Mammal Data Sheet
Indicate number of sheets used for this checking session

Date: Use formate 13 Jun 92 Time: Use formate 0930

Weight: in grams (or tenths of grams)

Total Length: in mm from nose tip to tail vertebra tip with animal
stretched on dorsal side

Tail length: in mm from where tail enters body to tip of tail
vertebra (hold tail at right angle (up) from body

Ear length: in mm from the deepest part of the notch to tip of ear
pinna

Hind foot length: in mm from heel bone to end of longest toenail

Reproduction: 1) males: testes scrotal or inguinal; 2) females:
perforate or imperforate; if perforate, lactating or not and nipple
size.

Marking with toe clipping:

3 ? 3
" \ 2 3y BT 2 7y
ﬁ%? \ ﬁ%@? ‘ s \ 1 5
Left Right Left Right
Front Hindfoot
(feet viewed from above)

LF1 RH1 LF1 LH1 RF1 RH1 - RF1 LH1

LF1 RH2 LF1 LH2 RF1 RH2 . RF1 LH2

LF1 RH3 LF1 LH3 RF1 RH3 RF1 LH3 -

LF1 RH4 LF1 LH4 RF1 RH4 RF1 LH4

LF1 RH5 LF1 LH5 RF1 RH5 RF1 LH5

LF2 RH1 LF2 LH1 RF2 RH1 RF2 LH1

LF2 RH2 LF2 LH2 RF2 RH2 RF2 LH2

LF2 RH3 LF2 LH3 RF2 RH3 RF2 LH3

LF2 RHA4 LF2 LH4 RF2 RH4 RF2 LH4

LF2 RH5 LF2 LH5 RF2 RH5 RF2 LH5

LF3 RH1 LF3 LH1 RF3 RH1 RF3 LH1

LF3 RH2 LF3 LH2 RF3 RH2 RF3 LH2

LF3 RH3 LF3 LH3 RF3 RH3 RF3 LH3

LF3 RH4 LF3 LH4 RF3 RH4 RF3 LH4

LF3 RH5 LF3 LHS5 RF3 RHS5 RF3 LH5

LF4 RH1 LF4 LH1 RF4 RH1 RF4 LH1

LF4 RH2 LF4 LH2 RF4 RH2 RF4 TH2

LF4 RH3 LF4 LH3 RF4 RH3 RF4 TLH3

LF4 RH4 LF4 LH4 RF4 RH4 RF4 LH4

LF4 RH5 LF4 LHS5 RF4 RH5 RF4 LH5
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Appendi x B. El enent COccurrence Records
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SYNAPTOWS BOREALI S * 002
NORTHERN BOG LEMM NG

d obal rank: & Forest Service status: SENSITIVE
St at e rank: S2 Federal Status:
Survey site nane: HAVWKI NS POND
EO r ank: B
EOrank comment s: QUALI TY GOCD; SI ZE SVALL BUT MAY CONTI NUE
DOMSTREAM

County: LI NCOLN
USGS quadr angl e:  NORTHWEST PEAK

Townshi p: Range: Section: TRS coments:
037N 033W 18 SEANE4

Survey date: 1992-07-26 El evati on: 6190
Fi rst observation: 1992-07-26 Sl ope/ aspect: LEVEL
Last observation: 1992-07-26 Si ze (acres): 8

Locat i on:
PURCELL MOUNTAI NS; FROM YAAK TAKE FS RD 338 ~20 M TO SI TE.

El enent occurrence dat a:
~10 SEEN, A LOT OF SI GN ( CUTTI NGS, DROPPI NGS, RUNVWAYS). 1 CAUGHT BY
HAND; SCROTAL MALE TRAPPED.

Ceneral site description:

POND AREA FI LLING I'N, OPENI NG | N SUBALPI NE FI R FOREST. GROUND COVER
ABCQUT 50% SPHAGNUM MOSS W TH SEDGES AND SCATTERED DWARF SALI X SP.
REST, SEDGE MEADOW FLOCODED | N SPRI NG SCATTERED LOGS. ZAPUS PRI NCEPS
ALSO OBSERVED.

Land owner/ manager :
KOOTENAI NATI ONAL FOREST, THREE RI VERS RANGER DI STRI CT

Comrent s:

| nf or mat i on sour ce:

Rei chel, J.D. and S. G Beckstrom 1993. Northern bog | enm ng survey:
1992. [ Unpubl i shed report] Montana Natural Heritage Program Hel ena,
MI. 59620.

Speci nmens:
REI CHEL, J.D. (3165 and 3166). 1992.
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SYNAPTOWS BOREALI S * 003
NORTHERN BOG LEMM NG

d obal rank: (€3) Forest Service status: SENSI TIVE
St at e rank: S2 Feder al St atus:
Survey site nane: MAYBEE MEADONG
EO r ank: A
EO rank comment s: QUALI TY EXCELLENT; LARGE S| ZE; HABI TAT

PATCHES UP AND DOMNSTREAM
County: BEAVERHEAD
USGS quadr angl e: Bl G HOLE BATTLEFI ELD

Townshi p: Range: Section: TRS coments:
001S 017W 26 NWI SWI

Survey date: 1992-07-15 El evati on: 6520
Fi rst observation: 1992-07-15 Sl ope/ aspect : LEVEL
Last observation: 1992-07-15 Si ze (acres): 30

Locat i on:
ANACONDA RANGE; FROM W SDOM TAKE HAY 43 W 13 M. TOFS RD 1203; TURN
RIGHT AND GON. ~7 M.

El enent occurrence dat a:
4 TRAPPED, | NCLUDI NG 3 AD. (SCROTAL) M AND 1 F. W 3 EMBRYCS.

Ceneral site description:

VEADOW AREA SURROUNDED BY LODGEPQOLE PI NE. UPPER MEADOWWET W
SPHAGNUM MOSS VATS, SALI X PLANI FOLI A, BOG Bl RCH AND CAREX

UTRI CULARI A. LONER MEADOWW SEDGES, SALI X DRUMMONDI ANA, AND MUCH
DRYER, LOANER MEADOWBADLY OVERGRAZED BY CATTLE. SHRUBS | N BOG AREA
HEAVI LY GRAZED BY DEER/ ELK | N W NTER

Land owner/ manager :
BEAVERHEAD NATI ONAL FOREST, W SDOM RANCGER DI STRI CT

Comrent s:

| nf or mat i on sour ce:

Rei chel, J.D. and S. G Beckstrom 1993. Northern bog | enm ng survey:
1992. [ Unpubl i shed report] Montana Natural Heritage Program Hel ena,
MI. 59620.

Speci nmens:

BECKSTROM S. (9-12). 1992. -



SYNAPTOWS BOREALI S * 004
NORTHERN BOG LEMM NG

d obal rank: (€3) Forest Service status: SENSI TIVE
St at e rank: S2 Feder al St atus:
Survey site nane: VEADOW CREEK

EO r ank:

EO rank conment s:
Count y: RAVALLI
USGS quadr angl e: SCHULTZ SADDLE

Townshi p: Range: Section: TRS comments:
001N 018w 10 S2NE4

Survey date: 1992-07-18 El evation: 5920
Fi rst observation: 1992-07-18 Sl ope/ aspect : LEVEL
Last observation: 1992-07-18 Size (acres): 10

Locat i on:
ANACONDA RANGE; FROMSULA GO E. 12 M. ONFS RD 101 TOFS RD 725;
TURNRIGHT ANDGOS. 6 M. TOSITE.

El enent occurrence dat a:

Ceneral site description:

BOG AREA SURROUNDED BY SEDGES AND TALL SALI X SPP. CREEK RUNS ALONG
WEST EDGE, BEAVER PONDS ON NORTH, ROAD TO THE EAST. SPHAGNUM NAT ~10
ACRES.

Land owner/ manager :
Bl TTERROOT NATI ONAL FOREST, SULA RANGER DI STRI CT

Comment s:

| nf or mat i on sour ce:

Rei chel, J.D. and S. G Beckstrom 1993. Northern bog | enm ng survey:
1992. [ Unpubl i shed report] Montana Natural Heritage Program Hel ena,
MI. 59620.

Speci nmens:
BECKSTROM S. (13). 1992.
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SYNAPTOWS BOREALI S * 005
NORTHERN BOG LEMM NG

d obal rank: (€3) Forest Service status: SENSI TIVE
St at e rank: S2 Feder al St atus:
Survey site nane: BONEN CREEK FEN
EO r ank: A
EO rank comment s: QUALI TY EXCELLENT; LARGE S| ZE; HABI TAT

PATCHES UPSTREAM
Count y: LI NOCLN
USGS quadr angl e: DUNSI RE PAO NT

Townshi p: Range: Section: TRS coments:
031N 026W 1 SWINWM

Survey date: 1992-08-19 El evati on: 4760
Fi rst observation: 1992-08-19 S ope/ aspect: LEVEL
Last observation: 1992-08-19 Size (acres): 20

Locat i on:
SALI SH MOUNTAI NS; FROM VWH TEFI SH TAKE HW 93 NW17 M. TO FS RD 60;
TURN LEFT AND GOW~19 M TO SI TE.

El enent occurrence dat a:
TRAPPED 1 MALE: LI TTLE SI G\

Ceneral site description:

LARGE WET SPHAGNUM BOG SURROUNDED BY SUBALPI NE FI R AND LODGEPCLE

Pl NE. CAREX DOM NANT ON SPHAGNUM NMAJOR SHRUBS ARE DWARF SALI X AND
BOG Bl RCH.

Land owner/ manager :
FLATHEAD NATI ONAL FOREST, TALLY LAKE RANGER DI STRI CT

Comment s:

| nf or mat i on sour ce:

Reichel, J.D. and S. G Beckstrom 1993. Northern bog | enm ng survey:
1992. [ Unpubl i shed report] Montana Natural Heritage Program Hel ena,
MI. 59620.

Speci nmens:
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SYNAPTOWS BOREALI S * 006
NORTHERN BOG LEMM NG

d obal rank: (€3) Forest Service status: SENSI TIVE
St at e rank: S2 Feder al St atus:
Survey site nane: SUNDAY CREEK
EO r ank: B
EOrank comments: QUALI TY GOCOD; HABI TAT PATCHES DOMNSTREAM

Count y: LI NCOLN
USGS quadr angl e: SUNDAY MOUNTAI N

Townshi p: Range: Section: TRS comments:
032N 026W 13 SE4ANWM

Survey date: 1992-07-07 El evati on: 4800
Fi rst observation: 1992-07-05 Sl ope/ aspect: LEVEL
Last observation: 1992-08-20 Size (acres): 4

Locat i on:
SALI SH MOUNTAI NS; FROM STRYKER TAKE FS RD 315 SW~15 M. TO CREEK
CRGCSSI NG JUST PAST FS RD 3520 | NTERSECTI ON.

El enent occurrence dat a:
8 TRAPPED | NCLUDI NG SCROTAL AND JUVENI LE MALES. SQOMVE Sl GN ( RUNWAYS,
QUTTI NS .

Ceneral site description:

VEADOW ALONG CREEK | N SUBALPI NE FI R FOREST W ABANDONED BEAVER DANB
AND PONDS. SALI X DRUVMONDI ANA AND CAREX NEAR WATER S EDGE. SLI GHTLY
H GHER | S SPHAGNUM W BOG Bl RCH GRADI NG | NTO FOREST.

Land owner/ manager :
KOOTENAI NATI ONAL FOREST, FORTI NE RANGER DI STRI CT

Comment s:

| nf or mat i on sour ce:

Reichel, J.D. and S. G Beckstrom 1993. Northern bog | enm ng survey:
1992. [ Unpubl i shed report] Montana Natural Heritage Program Hel ena,
MI. 59620.

Speci nmens:
BECKSTROM S. (4-8). 1992. REI CHEL, J. (3164). 1992.
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Appendi x C. Maps of Northern Bog Lemm ng Sites
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Hawkins Pond (002)

USGS Northwest Peak (7.5')
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Synaptomys
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Maybee Meadows (003)

")

USGS Big Hole Battlefield (7.5

Synaptomys borealis
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Meadow Creek (004)

)

USGS Schultz Saddle (7.5
Synaptomys boréalis
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USGS Dunsire Point (7.5") Bowen Creek (005)
Synaptomys borealis
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3081 111 SW
ISKILLET MOUNTAIN

3230

600 000 }

USGS Sunday Mountain (7.5') Sunday Creek (006)
Synaptomys borealis
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Appendi x D. Bot ani cal Community Surveys
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